Despite the fact that in most established cases of muscular dystrophy the clinical diagnosis is selfevident, occasional cases arise in which it is difficult to decide whether muscular wasting is of neuropathic or myopathic origin. Careful work by Kugelberg (1949) and others has shown that electromyography may be of considerable value in making this fundamental distinction, but in many centres the techniques for diagnosis are not yet firmly established. In this paper the electromyographic findings in 100 cases of myopathy are reviewed, and a method of frequency analysis is described which appears to enhance the value of the electromyogram in diagnosis. The results obtained by applying this analytical technique in the examination of 26 normal subjects and 48 patients with other neurological disorders are compared with those noted in the cases of myopathy. Before discussing the methods and results of the investigation, however, it is essential to discuss briefly the physiological principles involved and the findings of other authors.
The unit of muscle structure is the muscle fibre; under normal conditions muscle fibres never contract singly, but single fibre or fibrillation potentials can be recorded from resting muscle after denervation in the form of monophasic or diphasic spikes ( Fig. 1 ) of about 1 millisecond duration (Weddell, Feinstein, and Pattle, 1944) . Normal volitional activity of voluntary muscle is made up by the asynchronous contraction of individual motor units; each unit consists of the bundles of muscle fibres supplied by one anterior horn cell and its motor neuron. Electrically, the activity of the fibres of the unit summates smoothly to give a monophasic, diphasic, or triphasic wave, the motor unit action potential (Fig. 2) , which varies between 4 and 10 milliseconds in duration (Petersen and Kugelberg, 1949) . Hence it will be seen that in sustained contraction of voluntary muscle the dominant frequency of the electrical discharge, depending on the duration of the individual waves from which the complex wave form of the interference pattern is synthesized, will be of the order of 100 to 250 cycles per second. In disease of the anterior horn cell and the proximal part of the lower motor neuron it is clear that whole motor units, supplied by the diseased.neuron, will perish, and for this reason the interference pattern will be reduced; eventually after the death of many neurons a needle electrode may record the activity from isolated surviving units, the " single discharge" of Buchthal and Clemmesen (1941) . Under these circumstances, since the remaining motor units are of normal duration, the dominant frequency of the wave form will be unchanged.
In primary disease of the tnuscle, on the other hand (e.g. muscular dystrophy), no such anatomical pattern of degeneration obtains and individual muscle fibres die sporadically. No longer, therefore, is it possible for the activity of the fibres of a motor unit to summate smoothly, as some components of the unit will be missing, and for this reason many polyphasic potentials are seen (Fig. 3) . If degeneration has proceeded further it may be that one or two fibres are all that remain of a motor unit and fibrillary potentials may be obtained on volition. Hence it will be expected that the dominant frequency of the electrical discharge from contracting dystrophic muscle will approach more nearly to 1,000 cycles per second. Kugelberg (1949) examined 16 cases of muscular dystrophy and carried out careful measurements of the motor unit potentials recorded. These findings were compared with those in 142 cases of neuropathy and it was confirmed that in the cases of myopathy a greatly increased proportion of polyphasic potentials and attenuated or short duration potentials was produced on contraction of the biceps brachii.
It should be remarked at this juncture that a number of polyphasic potentials are to be found on recording from normal muscle (Denslow and (Richardson, 1951a (Richardson, , 1952 . Fortunately the latter eventuality is uncommon, occurring only in occasional cases of polyneuritis, and the proportion of polyphasic potentials is not usually as great as that noted in cases of myopathy.
Other diagnostic features of the electromyogram in muscular dystrophy have been discussed by Kugelberg (1949) who pointed out that spontaneous fibrillation is absent in the myopathies but is often present in neuropathy; furthermore a sustained interference pattern is often readily obtainable from grossly wasted muscle in myopathy, whereas in the neuropathies the pattern, and in particular, the number of spikes, is usually reduced in proportion to the diminution of muscular power.
From the above information there has emerged a characteristic electromyogram of myopathy. The muscle is usually silent at rest, but on volition, even in extremely weak and wasted muscles, a highly complex polyphasic interference pattern will be produced, and the noise in the loudspeaker is highpitched, like hail on a tin roof. In neuropathy, on the other hand, there is often spontaneous fibrillation with the muscle at rest, and on volition the interference pattern is interrupted or reduced. (Dawson and Walter, 1944 Table I ; the diagnoses of other cases examined by this method, for comparison, are also given. Methods All records were taken using standard concentric needle electrodes and the " stanco " double channel electromyograph. For the investigation only one channel of the apparatus was required and the output of this channel was fed into the audio-frequency spectrometer. A photograph of the apparatus is given in Fig. 4 .
For technical details of the spectrometer the reader is referred to the paper by Agate and Druett (1946 Fig. 7 is an example of this type of histogram, which will be referred to as the broad spectrum type of response. A spectrum of this type was also, obtained frequently from the flexor pollicis brevis and has since been observed in recordings from other small hand muscles in normal subjects. These observations can be correlated with the fact already mentioned that a high proportion of polyphasic potentials can be obtained from the normal facial musculature; it appears that the same findings apply to, of the hand. Myopathy.-It will be convenient to consider first the results of frequency analysis, and then other electromyographic findings in these cases.
Frequency Analysis.-On examination of the first case it was immediately evident that on recording from muscles severely affected by the dystrophic process a spectrometer histogram could be obtained which differed significantly from any of the findings in normal subjects. In this pattern there was a relative absence of the lower frequencies and there was a complete shift to the right of the dominant frequency. An example is given in Fig. 8 in the lower. A parallel clinical survey has shown that the spinati, deltoid, and gastrocnemius may remain relatively powerful until a late stage of the disease in these cases, and it will be seen that the pattern of analysis was generally less abnormal when these muscles were examined. Hence it is suggested that for the examination to be of most value the pectoralis major, biceps brachii, quadriceps, and tibialis anterior should be examined in cases of muscular dystrophy of the proximal type, while in dystrophia myotonica and distal myopathy attention should be turned to the long flexors and extensors of the fingers and tibialis anterior.
Spontaneous Activity.-Kugelberg (1949) has stressed that the absence of fibrillation is in favour of the diagnosis of myopathy; spontaneous fibrillary potentials were not observed in any case of the present series. On several occasions repetitive spike potentials, indistinguishable from fibrillation, were seen with the muscle apparently at rest, but on each occasion these discharges disappeared when the patient was urged to relax, and it is clear that these The characteristic " dive-bomber " or " quasimusical" sound produced in the loudspeaker by this type of discharge is quite unmistakable (Buchthal and Clemmesen, 1941) . This phenomenon is almost invariable in the myotonias on stimulation of the resting muscle with the needle point, but it has also been noted infrequently in progressive muscular atrophy, fatigued normal muscle, cramp, and anterior poliomyelitis (Richardson, 1951a (Richardson, , 1952 . In the present series spontaneous activity of this type was recorded in all 15 cases of dystrophia myotonica and in six cases of myotonia congenita. It was also obtained, however, in 16 cases of muscular dystrophy without myotonia (11 pseudohypertrophic, two facio-scapulo-humeral, three late juvenile), in two out of 13 cases of progressive muscular atrophy, and in one case of dermatomyositis. The discharge was invariably less dramatic and less easily obtained in the cases of simple dystrophy than in those with myotonia, and as a rule the sound decreased in pitch much more slowly. It is of interest that a similar phenomenon, giving a " rasping" note slowly decreasing in pitch, was obtained on recording from shoulder girdle muscles during voluntary contraction in nine cases of muscular dystrophy. It is convenient at this point to mention the pattern of analysis produced by this phenomenon. As Richardson (1952) has mentioned, the individual components of the chain of oscillations sometimes have the dimensions of single fibre potentials, some resemble motor units, and others are polyphasic and bizarre. As would be expected, therefore, the spectrometer showed a broad spectrum type of response during recording of this activity; it was also noted that as the sound in the loudspeaker waned, those vertical lines of the spectrometer histogram corresponding to the higher frequencies fell out in turn, rather like a row of chorus girls falling one by one on to the stage. This " chorus girls " effect is amusing and, in the author's experience, it is quite diagnostic of the type of discharge under consideration, but it cannot be considered important, as the electromyographic pattern is itself characteristic. It can be concluded that whereas dramatic, repetitive, and easily obtainable chains of oscillations of high frequency with the concomitant " dive-bomber " note remain characteristic of myotonia, similar but less impressive discharges may be obtained in patients with muscular dystrophy both at rest and on volition and in a number of other conditions; the exact significance of these discharges remains obscure.
Volitional Activity.-Apart from the characteristic pattern of analysis already described, few observations of importance on the electromyographic pattern during voluntary contraction have been made in patients of this series. It has been possible to confirm Kugelberg's (1949) observations that even in grossly wasted muscles, with scarcely a flicker of voluntary contraction visible clinically, a sustained though highly polyphasic interference pattern may be obtained. It has also been confirmed that the amplitude of the action potentials of dystrophic muscle is greatly reduced in comparison with normal motor unit potentials, as would be expected in view of unit disintegration. These findings suggest that the muscular power represented by the dystrophic short duration potential is greatly reduced when compared with that of a normal motor unit potential.
It has also been noted that in recording from a muscle showing pseudohypertrophy, say the gastrocnemius, many parts of the muscle bulk may be electrically silent even during a powerful contraction; presumably this observation can be correlated with the pathological finding of extensive fatty infiltration in such muscles.
Other Conditions.-The diagnoses of the patients examined in this section of the investigation have been noted in Table I . In this section attention will be confined to the pattern of analysis obtained in these cases, since this study is not concerned with the other electromyographic findings in these many disorders. In Table III the type of analysis obtained during voluntary contraction of stated muscles in these patients is given.
It will be seen from the results outlined in Table  IlI disease process occurs within the muscle itself, as in myopathy, and as already mentioned, profuse polyphasic " recovery " potentials occur during recovery from a peripheral nerve injury. In all the patients with neuropathy, save one case of polyneuritis, the pattern of analysis for the particular muscles examined was normal, even after extensive exploration; in one patient with polyneuritis (in association with porphyria) an excessive amount of high frequency discharge was obtained from the forearm musculature, but the proportion was never sufficiently great in this case to produce a shift of the dominant frequency. It is unlikely that clinical confusion will ever arise between cases of recovering peripheral nerve injury and myopathy; hence it can be suggested with confidence that this method provides a diagnostic tool for the unequivocal differentiation of myopathy and neuropathy. Both cases of dermatomyositis examined were referred for examination as cases of muscular dystrophy, and the correct diagnosis was reached only through the observation of an unusual pattern of muscular weakness combined with induration of subcutaneous tissue and minimal scleroderma-like changes in the skin of the hands and face. Clearly occasional cases of this condition will continue to cause confusion with muscular dystrophy; as would be expected from the physiological principles, electromyography is of no value in distinguishing these two conditions which must be separated by clinical and pathological methods.
Conclusions The use of the audio-frequency spectrometer in the analysis of the electromyographic interference pattern has given results in patients with myopathy which are significantly different from those obtained in control subjects and in patients with other neurological disorders, with the exception of dermatomyositis and recovering nerve injury. It is suggested that this refinement of electromyographic technique is of considerable value in distinguishing between neuropathy and myopathy. The apparatus utilized in the investigation is probably too complex and expensive for routine use, but the results suggest that a simple type of analyser, designed on similar lines, is likely to be a valuable adjunct in diagnostic electromyography. Summary A method of frequency analysis of the electromyogram, utilizing an audio-frequency spectrometer, has been applied to the examination of 100 cases of myopathy, 26 normal subjects and 48 patients with other neurological disorders. The method was developed since electromyography has not given uniformly successful results in the diagnosis of myopathy, even though disintegration of the motor unit potential, with numerous polyphasic and short duration potentials, has been recognized in such cases. Analysis of the interference pattern of muscular contraction in normal subjects revealed a consistently normal pattern with the dominant response at 100-250 c.p.s., tailing off to zero at 800 c.p.s., save in facial muscles and small muscles of the hand, where a proportion of higher frequencies up to 1,250 c.p.s. was added.
In 98 of the 100 cases of myopathy the analysis obtained on contraction of at least one of the muscles examined showed a shift to the right of the dominant frequency compared with the pattern observed in normal subjects. These findings were most readily obtained from the superficial part of the muscle and in muscles severely affected by the disease process (pectoralis major, biceps brachii, quadriceps femoris, and tibialis anterior in the " proximal" types of muscular dystrophy, the long flexors and extensors of the fingers and tibialis anterior in dystrophia myotonica and distal myopathy). A similar shift of the dominant frequency occurred in patients with dermatomyositis and recovering peripheral nerve injury, but on extensive exploration in cases of neuropathy, including 13 patients with motor neuron disease, a normal analysis was practically invariable and no frequency shift was observed.
Spontaneous fibrillation was not observed in any case of myopathy; chains of oscillations of high frequency were recorded on probing in resting muscle in 15 out of 15 cases of dystrophia myotonica, six out of six cases of myotonia congenita, and in 16 out of 85 cases of muscular dystrophy with no clinical evidence of myotonia.
It is suggested that the addition of a method of frequency analysis as described enhances the value of electromyography in distinguishing between myopathic and neuropathic disorders.
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